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Field of the Invention 
The present invention relates to a method for forming 
a powder molding product by filling raw powders in a mold 
for powder molding, and also relates to a mold apparatus 
for such powder molding. 

Background Art 
A compact powder, which is used for the production of 
sintered products, is formed by pressing raw powders such 



as Fe-based powders, Cu-based powders or the like in a mold, 

and then a sintered body is formed through a sintering 

process. And in the molding process, the molding product 

undergoes a press-molding process, using a mold. At the 

5 time of the press-molding, however, a friction between a 

molding product and a mold is generated. For this reason, 

when mixing powders, a water insoluble fatty acid lubricant, 

such as zinc stearate, calcium stearate, lithium stearate, 

etc., is added so as to impart lubricity. 
10 However, the method of applying a lubricant to raw 

powders has limitations of improvement of the density of a 
molding product. Accordingly, in order to obtain a high- 
density molding product, there is proposed a method for 
forming a powder molding product which can make up for the 
15 lack of lubricity by applying the same lubricant as the one 
added to raw powders to a mold while reducing the amount of 
lubricant added to raw powders (#e-efti example, see Patent 
Document 1) . 

This conventional method of molding is a method for 
20 forming powder molding product which comprises steps of ap- 
plying water dispersed in a high fatty acid lubricant to an 
inner surface of a heated mold and press-molding metal pow- 
ders by filling the metal powders in the mold and pressing 
the same at such a pressure that the high fatty acid lubri- 
25 cant is chemically bonded to the metal powders so as to 
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produce a film of metallic soap, wherein the mold is heated, 
and the inner surface thereof is coated with the high fatty 
acid lubricant such as lithium stearate; heated metal pow- 
ders are filled into this mold and are subjected to press- 
5 molding at such pressure that the high fatty acid lubricant 
is chemically bonded to the metal powders so as to produce 
the film of metallic soap, whereby the film of metallic 
soap is produced on the inner surface of the mold to 
thereby reduce the friction between the molding product of 

10 the metallic powders and the mold, thereby enabling the re- 
duction of pressure for ejecting the molding product. 

As the fact that the same lubricant as one added to 
the raw powders is used for the mold results in the use of 
the water insoluble lubricant, the lubricant applied to the 

15 mold is applied in a solid powder state. For this reason, 
other lubricant application methods are also known, such as 
electrostatic application of lubricant powders or dry ap- 
plication of lubricant which is dispersed in water by sur- 
factant . 

20 Pete - efrfc- Document 1 — j — Jap&ne - oe ■ Regio torect Pa - tv' : i - afe"" - PHfe - l - i - -- 
eat-i-en----N-evv-5-3-G-9-y- : '-9 {--s-ee---pa-£ : a^-£-ap-l : ±s----40i-S----a-Hd----€ 1 -&-l-3--}---;- 

Diocloaure Summary of the invention 



3 



According to the conventional art disclosed in the 
afeeve-^^atefrt — D o c ume n t. 1 , — Japanese Regist ered P at e n t Pub 1 i - 
cation Wo. 3309970 since the lubricant dispersed in water is 
applied to the mold in a state of solid powders, that is, 
5 in such state that the solid powders of the lubricant are 
dispersed and mixed in water, a fine and uniform film can- 
not be formed, and thus there is a problem that producing a 
molding product of a stable quality is difficult. 

The present invention has been made to solve the 

10 above problems. The same applicant proposes in the Japa- 
nese Patent Application No. 2002-338621,. a method for form- 
ing a powder molding product by filling a molding portion 
formed in a mold body with a raw powder and then fitting 
punches into the molding portion, comprising the steps of 

15 applying an aqueous solution obtained by dissolving a lu- 
bricant in solvent to the molding portion prior to filling 
the molding portion with a raw powder, and evaporating the 
aqueous solution thus applied to thereby form a crystal- 
lized layer on the molding portion which enables producing 

20 a fine and uniform layer of lubricant on a molding portion 
by said crystallized layer. And optimum aqueous solution 
is obtained by the more and more development of crystal- 
lized layer. 

It is, accordingly, an object of the present inven- 
25 tion to provide a method for forming a powder molding prod- 
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uct and mold apparatus for powder molding which enables the 
stable production of a high density powder molding product 
by forming a fine and uniform film of lubricant on a mold- 
ing portion. 

5 

Claim — lAr; aspect of the present invention is a method 
for forming a powder molding product by filling a molding 
portion formed in a mold body with a raw powder and then 

10 fitting punches into the molding portion, which is charac- 
terized in that applying an aqueous solution obtained by 
dissolving a water soluble lubricant having at least 3g of 
solubility for 100 g of water at 20 °C in a water to the 
molding portion prior to filling the molding portion with a 

15 raw powder, and evaporating the aqueous solution thus ap- 
plied to thereby form a crystallized layer on the molding 
portion . 

Further, - : A x .-e — — i - fi - v e nfe - ien — e-f — -e-l-a-i-ra-s — 2 --- 1 -- 2 — i eem- 
bodiments are that said lubricants are used at least one 

20 selected from a group of oxo-acid based metal salts or or- 
ganic acid based metal salts. Sa - id ln an embodiment aqueous 
solution of el aim 13 of th e pr e s e nt — invention is completely 
dissolved in water to have a concentration greater than or 
equal to 0.01 % by weight concentration but less than satu- 

25 rated concentration-;-, ■ -A*Hi and eh-e -B-£-e-3-e-Bfc i - nv e n - t-i - e n e# 
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e-i-a-5tav---l-4 i-s--s-a-i-ei--lubricant is potassium salt or sodium salt . 

Further, the pres e nt — inv e ntion of claim 15 is that e m- 
bodiments add. an antiseptic substance, is added--iBte - e — s - a - id 
?%te--p& £ i& £ i^ ^ de- 
foaming agent 4h9 — add e d i -* *fce — aa - i - d--l - i3bg - i - e a-Bt- ; Fu-e t-tense-r-e-;- 

■ fe - he- - p : t:es - f:: - B - fe — i - ftven - fe - &on O ' f-elaim 17 — is that ana a water solu- 
ble solvent is addO ' d-d nto said lubricant . Also the prooont 
i-Hve? i-t-ie? ?----e-f----elaiHV--4-&-i-e--thafc----aai<a--- aqueous solvent i-acan be 

alcohol or ketone. Further, fche--p^eaeat i - n - ve - nt - i - ori""Q - f--el - a - i«i 

.i-9 — i.« — tfoat no - h alogen elements ira-----iB^l^aedcan be excluded 

f rom 4rfl— t he lubricant. 

With regard to a method for forming a powder molding 
product, for example, by completely dissolving water solu- 
ble phosphate based metal salt such as dipotassium hydrogen 
phosphate, disodium hydrogen phosphate in water to have a 
concentration greater than or equal to 0.01 % by weight but 
less than a saturated : b-ep;Be^-at-a^e-- concentration at a fric- 
tion surface of molding product, to become a uniform phase, 
then applying a solution to a surface of a molding portion, 
and evaporating, the crystal of the lubricant grows to form 
a crystallized layer. 

Further, an embodiment of the invention s-f — ela&m SO 

is a mold apparatus for powder molding, comprising )! a v i n g a 
mold body with a through-hole for forming a side of a pow- 
der molding product, a lower punch to be fitted into the 
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through-hole from beneath, an upper punch to be fitted into 
the through-hole from above, a spray member from which a 
lubricant aqueous solution is faced into the through-hole, 
a heater provided around a molding portion of the powder 
5 molding product, the molding portion being defined by the 
through-hole and the lower punch which is fitted into the 
through-hole, and a temperature control system keeping a 
temperature of the heater higher than an evaporating tem- 
perature of the aqueous solution. 

10 Furthermore , ^g-jfre—^-ftye^e^ n o t h e r. e mb o a i - 

ment is a mold apparatus for powder molding, c omp r i ,o i n gh a v- 
ing a mold body with a through-hole for molding a side of a 
powder molding product, a lower punch to be fitted into the 
through-hole from beneath, an upper punch to be fitted into 

15 the through-hole from above, a spray member from which a 
lubricant aqueous solution is faced into the through-hole, 
a heater provided around a molding portion of the powder 
molding product, the molding portion being defined by the 
through-hole and the lower punch which is fitted into the 

20 through-hole, a temperature control system keeping a tem- 
perature of the heater higher than an evaporating tempera- 
ture of the aqueous solution, but lower than a melting tem- 
perature of said lubricant. 

According to the conotitution of Glai£ft""2 - G""e»?""54. -above , 

25 an aqueous solution in which water soluble lubricant having 
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at least 3g of solubility for 100 g of water at 20°C is ap- 
plied to the heated molding portion prior to a raw powder 
being filled in the molding portion defined by the through- 
hole in the mold body and the lower punch to be fitted into 
5 the through-hole, so that the solution is evaporated to 
thereby form a fine crystallized layer around the surface 
of the molding portion. Thereafter, the molding portion is 
filled with a raw powder, and then the upper punch is fit- 
ted from above into the through-hole, to thereby form a 
10 powder molding product . 

■ K - M -e- efe""C>^ "" t - h -e-"l- ftv e R ; £"ieri ' 

€-l-a-i-tft----±-----e-i=----4:-fe eThg present invention -i-scan be a method 

for forming a powder molding product by filling a molding 

15 portion formed in a mold body with a raw powder and then 
fitting punches into the molding portion, which is charac- 
terized in that applying an aqueous solution obtained by 
dissolving a lubricant in solvent to the molding portion 
prior to filling the molding portion with a raw powder, and 

20 evaporating the aqueous solution thus applied to thereby 
form a crystallized layer on the molding portion. By form- 
ing more fine and uniform crystallized layer for lubrica- 
tion, the reduction of a pressure for ejecting the powder 
molding product as well as the improvement of the density 

25 of the powder molding product can be obtained. 
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Further, e-±-a-i-ra -2- an aspect, of the invention is that 

the lubricant is oxo-acid based metal salt. 

Further, glairo — 3an embodiment of the present inven- 
tion is that said lubricant is phosphate metal salt, sul- 
5 fate metal salt, borate metal salt, silicate metal salt, 
tungstate metal salt, organic acid based metal salt, ni- 
trate metal salt or carbonate metal salt . Cloira — 4 — e-# — Zrhe 

fig - e - seftfc -i-*5-vefrt;-ieK is that A lternatively, the said lubricant 

is dipotassium hydrogen phosphate, disodium hydrogen phos- 

10 phate, tripotassium phosphate, trisodium phosphate, potas- 
sium polyphosphate, sodium polyphosphate, riboflavin potas- 
sium phosphate and riboflavin sodium phosphate. Giee^m~&—e^ 
t - h€" - pa?€e€ft t""4 - RV€n%4€>n""l - 8 - "4 - ha - t - ""&a - i - g i Al s o , the lubricant -i-& c a n 
be potassium sulfate, sodium sulfate, potassium sulfite, 

15 sodium sulfite, potassium thiosulfate, sodium thiosulfate, 
potassium dodecyl sulfate, sodium dodecyl sulfate, potas- 
sium dodecyl benzen sulfate, sodium dodecyl benzene sulfate, 
Food Blue No . 1 . , Food Yellow No. 5., potassium ascorbyl sul- 
fate ester and sodium ascorbyl sulfate ester. 

20 G - la - iift""6""e£""fr&c ps - cmenk — i-n-v-e^j-t-i-e-HAn embodiment is that 

■ aa - i - fj the lubricant is potassium tetraborate or sodium 
tet raborate . Claim 7 of th e pr e s e nt invention is that sai - 
dAltemately, the lubricant is potassium silicate, &s — so- 




25 ee-i€i----l«fe^iea^t:----i-s----potassium tungstate, e-r--sodium tungstate-;- 
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potassium acetate, sodium acetate, potassium benzoate, so- 
dium benzoate, dipotassium terephthalate, disodium 
terephthalate, potassium ascorbate, or sodium ascorbate. 

5 €~ir*-i«t ±-GAlso f an embodiment of the present invention is 

that -aa-Mthe lubricant is potassium nitrate, e*— sodium ni- 
trate--, Claim — £4 — e4. — the p - ceoen - t — invention — is — that — cold 

lubricant -i-s potassium carbonate, sodium carbonate, potas- 
sium hydrogen carbonate, or sodium hydrogen carbonate. 

10 G - l - a - i - m ---- lS ----- e - f ---- frhe preoent iny e nt -- i - o?v ---- i - Q that -aal - d Furthermore, 
the lubricant uses one or more lubricants described vift 
e - l -.r >d - . f fts- " g "-tve-" l -l-above . Claim — i-3 — — the preoent — d-nventie^v-ie 

t-h-afe sa-i-dThe aqueous solution -i-s-can be t-fee one in which 

said lubricant is completely dissolved in water to have a 

15 concentration greater than or equal to 0.01 % by weight but 

less than saturated concentration. €--la-i#t--i4 e-f--4yke---p-resen-iv 

-i-Bve¥Hv-i-en-----i-3 lvh-at t-h-e The lubricant -i-s-can be potassium salt 

or sodium salt- Claim 15 of th -e —f » g e- a e<»fe - in - ve - nt - i - en — ±s — t - tofe 

and an antiseptic substance is added — into — a a id — lubricant . 

20 Gia-ifft — iS — <a£ — ; t-he — present - — i - nven - fe-ion — i-s — th-a-eor a de foaming 
agent -i-s-can be added into the lubricant. Further, ela - hm-l -- ? - 
of the present invention io that a wat e r soluble solvent is 
added into the lubricant- — Claim 18 of the present — invention 
■ i - a—t - ha - t -and the said solvent is alcohol or ketone, € - l - a - i - m --- 4. - 9 

25 &f ----- t - h -e--- ^ - r « fl -e ftfe ---- i - Rv e « - t"i - OR - ""i - 9 -- "t: : hat -- A l so y an embodiment is that 
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no halogen element is included in the lubricant. 

Further — claim 20 and — claim — 24 — e# — fekeT he present in- 
vention i.o that includes a mold apparatus for powder molding, 
< 5e»ftff - i - & - i - B ' gh a vi ng a mold body with a through-hole for form- 
5 ing a side of a powder molding product, a lower punch to be 
fitted into the through-hole from beneath, an upper punch 
to be fitted into the through-hole from above, a spray mem- 
ber from which a lubricant solution is faced into the 
through-hole, a heater provided around a molding portion of 

10 the powder molding product, the molding portion being de- 
fined by the through-hole and the lower punch which is fit- 
ted into the through-hole, a temperature control system 
keeping a temperature of the heater higher than an evapo- 
rating temperature of the aqueous solution, and if required 

15 lower than a melting temperature of said lubricant; and an 
aqueous solution in which water soluble lubricant having at 
least 3g of solubility for 100 g of water at 20°C is dis- 
solved in water, is provided in said spray member. By form- 
ing a crystallized layer of lubricant on a molding portion, 

20 the reduction of a pressure for ejecting the powder molding 
product, or the improvement of the density of the powder 
molding product can be obtained. Further, consecutive 
molding can be stably carried out . 

25 BRIEF DESCRIPTION OF THE DRAWINGS 
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Fig. 1 is a cross sectional diagram showing a first 
process according to an Example 1 of the present invention. 

Fig. 2 is a cross sectional diagram showing a second 
process according to an Example 1 of the present invention. 

Fig. 3 is a cross sectional diagram showing a third 
process according to an Example 1 of the present invention. 

Fig. 4 is a cross sectional diagram showing a forth 
process according to an Example 1 of the present invention. 

Fig. 5 is a solubility diagram of a soap. 

Fig. 6 is a cross sectional diagram showing a first 
process according to an Example 2 of the present invention. 

Fig. 7 is a cross sectional diagram showing a second 
process according to an Example 2 of the present invention. 

Fig. 8 is a cross sectional diagram showing a third 
process according to an Example 2 of the present invention. 

Fig. 9 is a cross sectional diagram showing a fourth 
process according to an Example 2 of the present invention. 

Fig. 10 is a cross sectional diagram showing a first 
process according to an Example 3 of the present invention. 

Fig. 11 is a cross sectional diagram showing a second 
process according to an Example 3 of the present invention. 

Fig. 12 is a cross sectional diagram showing a first 
process according to an Example 4 of the present invention. 

Fig. 13 is a cross sectional diagram showing a second 
process according to an Example 4 of the present invention. 
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Bes ; S""Ms-etS"" #e- .e-€-a Q^fe -D stalled Descrip tion of the In- 
vention 

Suitable embodiments of the present invention will 
5 now be explained with reference to attached drawings. Fur- 
ther, it should be understood that the embodiments ex- 
plained below are not limited to the scope of the present 
invention described in claims. And, it should be under- 
stood that the total constitution described below is not 
10 essential requirement for the present invention. 

Example 1 

Example 1 of the present invention will now be ex- 
plained with reference to Figs. 1 to 4 . Fig. 1 represents 

15 a first process. According to the same Figures, numeral 1 
designates a through-hole formed in a die 2 serving as a 
mold for molding sides of a powder molding product A, i.e., 
compact as a later-described powder molded body. A lower 
punch 3 is fitted into the through-hole from the underneath 

20 thereof and an upper punch 4 is also fitted into the 
through-hole -2---1 from the above thereof. A feeder 5, which 
provides a raw powder M, is slidably provided on an upper 
surface of the die 2 . Above the through-hole 9. — 1 is pro- 
vided a spray member 6 serving as a solution applying means 

25 for spraying a lubricant solution L so as to attach the 
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same to a molding portion 1A of the mold. The spray member 
6 is arranged so as to face the through-hole 5-1, and is 
connected to a tank of the solution L (not shown) via an 
automatically openable and closable valve (not shown) . A 
5 heater 7 and a temperature detector 8 are provided around 
the periphery of the molding portion 1A for forming the 
powder molding product A, the molding portion being defined 
by the through-hole 1 and the lower punch 3 which is fitted 
into the through-hole. The heater 7 and the temperature de- 

10 tector 8 are connected to a temperature control device 9 
serving as a temperature controlling means. By the tem- 
perature control device 9, the temperature of through-hole 

■2 1 is kept higher than the evaporating temperature of the 

aqueous solution L, and lower than the melting temperature 

15 of the lubricant . 

In the first process, due to the heat of the heater 7 
being pre-controlled by the temperature control system 9, 
the temperature of the periphery of the through-hole 1 is 
kept higher than the evaporating temperature of the aqueous 

20 solution L, and lower than the melting temperature of the 
lubricant. Then, the automatically openable and closable 
valve is opened to apply the aqueous solution L in which 
water soluble lubricant having at least 3g of solubility 
for 100 g of water at 20°C is dissolved in water by spray- 

25 ing from the spray member 6 to the molding portion 1A of 
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the die 2 heated by the heater 7, with the lower punch 3 
being fitted into the through-hole 1 to define the molding 
portion 1A. As a result, the solution L is evaporated and 
dried out, and thus crystals are allowed to grow on the pe- 
5 ripheral surface of the through-hole 1, so that a crystal- 
lized layer B of the lubricant is uniformly formed. Using a 
water soluble lubricant having at least 3g of solubility 
for 100 g of water at 20°C can be produced precipitate in 
an aqueous solution around the room temperature. Therefore, 

10 trouble such as the clogging of the spray member 6 is oc- 
curred when applying by spray member 6. Meanwhile, for ex- 
ample, if an aqueous solution does not k e ep - i - ng keep a higher 
temperature, conventional higher fatty acidic soaps com- 
prising sodium stearate, sodium palmitate, sodium myristate, 

15 sodium laurate cannot be obtained at least 3g of solubility 
for 100 g of water. 

Next, as illustrated in a second process shown in Fig. 
2, the feeder 5 is moved forward so as to drop a raw powder 
M into the molding portion 1A to fill the same therewith. 

20 Subsequently, as illustrated in a third process shown in 
Fig. 3, the die 2 is moved downwardly, while the upper 
punch 4 is inserted into the molding portion 1A of the 
through-hole 1 from there above, so that the raw powder M 
is compressed in a manner that is sandwiched between the 

25 upper punch 4 and the lower punch 3. At this stage, a bot- 
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torn end of the lower punch 3 is firmly held in position. 
And in this third process, the material powder M is com- 
pressed as the state of lubrication by being pressed 
against the crystallized layer B formed of the lubricant 
5 The powder molding product A thus press-molded be- 

comes ejectable when the die 2 is moved further downwardly 
until the upper surface of the die 2 becomes essentially as 
high as the lower surface of the lower punch 3, as illus- 
trated in a fourth process shown in Fig. 4. When ejecting 

10 the same, the powder molding product A is allowed to con- 
tact the crystallized layer B that is formed of the lubri- 
cant and is in a lubricated condition. After ejecting the 
powder molding product A thus way, the first process is re- 
peated and thus the aqueous solution L is applied to the 

15 molding portion 1A again to form the crystallized layer B, 
and then the raw powder M is filled into the molding por- 
tion 1A. 

Next, as to a good water solubility, it will be ex- 
plained the point that the solubility is at least 3g of 

20 solubility for 100 g of water at 20°C. As can be seen from 
the solubility for various fatty acid soaps illustrated in 
Fig. 4, the solubility of the mixed soaps which is produced 
by animal oil or vegetable oil or main components thereof 
are very lower at room temperature, thus even though it is 

25 dissolved in water the precipitates are generated in a few 
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minutes. And at about 20 t , which is used commonly as 
room temperature, the precipitates are generated. There- 
fore inconvenience such as the clogging of the spray member 
is occurred. In this regard, the recognition that these 
5 component should not be included makes the solubility in 
100 g water at 20°C is at least 3 g. 

Preferred examples and comparative examples will now 
be explained with reference to Tables 1 to 3 . In each of 
the preferred examples and comparative examples shown in 

10 Tables 1 to 3, iron powders (average particle diameter: 90 
(M) were used as the raw powder, to which was added 0.2% by 
weight of Lithium stearate (average particle diameter: 5jum) 
serving as the lubricant, which were then mixed for 30 min- 
utes using a rotary mixer, so that 7g of the resultant mix- 

15 ture of the raw powder was filled into a mold forming a cy- 
lindrical column having a 1 cm 2 pressurization area, and 
then 100 powder molding products were successively formed 
at a molding pressure of 8 t/cm 2 . And in the examples, af- 
ter the aqueous solution of the water-soluble lubricant 

20 dissolved in water was applied to the molding portion 
heated at 150°C in the mold, it was evaporated and dried to 
form the crystallized layer, and then the raw powders were 
filled into this molding portion. In the comparative exam- 
ple 1, after the solution of lithium stearate (average par- 

25 ticle diameter: 5 im ) dispersed in acetone was applied to 
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the molding portion of the mold heated at 150 °C , it was 
dried to form the film, and then the raw powders were 
filled into this molding portion. The comparative example 2 
is a case in which the lubricant was not applied to the 
5 mold. Density R in each Table shows difference between 
maximum and minimum values in the density of 100 molding 
bodies continuously molded. 
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[Table 1] 
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Comparison result from Tables 1 to 3 indicates that 
the pressure required for ejecting a compact from a die in 
the examples were less than or equal to that of the com- 
parative example 1. Besides, the densities were improved in 
5 the examples as compared to the comparative example 1. 
Moreover, the densities R in the examples noticeably became 
smaller than that of the comparative example 1. Therefore, 
it is apparent from the result that the molding can be 
stably carried out according to the examples, even though 

10 it is carried out successively. 

As is clearly indicated in Tables 1 to 3, the afore- 
said lubricant may suitably be a water soluble phosphate 
based metal salt, and the one having a phosphate group in 
its structure, such as dipotassium hydrogen phosphate, 

15 disodium hydrogen phosphate, tripotassium phosphate, triso- 
dium phosphate, potassium polyphosphate, sodium polyphos- 
phate, riboflavin potassium phosphate, riboflavin sodium 
phosphate or the like. 

As is also seen from Tables 1 to 3, it is suitable 

20 that, as a water soluble sulf ate-based metal salt, the lu- 
bricant may include a sulf ate-based group in its structure, 
such as potassium sulfate, sodium sulfate, potassium sul- 
fite, sodium sulfite, potassium thiosulfate, sodium thi- 
osulfate, potassium dodecyl sulfate, sodium dodecyl sulfate, 

25 potassium dodecylbenzensulf ate, sodium dodecylbenzenesul- 



22 



fate, Food Blue No . 1 . (CaT^^^OgSs) , Food Yellow No . 5 . 
(Ci6 Hio N 2 Na 2 0 7 S 2 ) , potassium ascorbyl sulfate, sodium 
ascorbyl sulfate. 

As is also seen from Tables 1 to 3, it is suitable 
5 that, as a water soluble borate based metal salt, the lu- 
bricant may include a borate-based group in its structure, 
such as potassium tetraborate, sodium tetraborate. 

Tables 1 to 3 also show that as a water soluble sili- 
cate based metal salt, the lubricant may suitably include a 
10 silicate-based group in its structure, such as potassium 
silicate, sodium silicate. 

Still also, Tables 1 to 3 show that as a water solu- 
ble tungstate based metal salt, the lubricant may suitably 
include a tungstate-based group in its structure, such as 
15 potassium tungstate or sodium tungstate. 

Table 1 to 3 show that as a water soluble organic 
acid based metal salt, the lubricant may suitably include 
an organic acid based group in its structure, such as po- 
tassium acetate, sodium acetate, potassium benzoate, sodium 
20 benzoate, dipotassium terephthalate, disodium terephthalate, 
potassium ascorbate, or sodium ascorbate. 

It is also seen from Tables 1 to 3, that as a water 
soluble nitrate based metal salt, the lubricant may suita- 
bly include a nitrate-based group in its structure such as 
25 potassium nitrate, sodium nitrate. 



23 



It is still also seen from Tables 1 to 3 that as a 
water soluble carbonate-based metal salt, the lubricant may 
suitably include a carbonate based group in its structure, 
such as potassium carbonate, sodium carbonate, potassium 
5 hydrogen carbonate or sodium hydrogen carbonate. 

Alternatively, one or more of the foregoing lubri- 
cants may be used as the lubricant. 

And the water soluble lubricant should have a concen- 
tration greater than or equal to 0.01 % by weight but less 

10 than a concentration of a saturation. This is because the 
concentration of less than 0.01 % by weight makes it diffi- 
cult to obtain a stably forming with constant temperature 
and speed since water content to apply and evaporate on the 
mold for forming is too large quantities and thus the mold 

15 temperature is lower, while at the saturated concentration 
or above it does not allow the lubricant to be completely 
dissolved so that it is precipitated as a solid, thus cas- 
ing troubles such as the clogging of the spray member 6 
when applying lubricant by a spray member 6 . 

20 For dissolvent water, water from which metal and 

halogen elements are removed is preferable, such as dis- 
tilled water or ion exchange water. This is because some 
lubricants, though it depends on a kind thereof, are pre- 
cipitated due to the readiness to substitute metal compo- 

25 nents in water, thus casing troubles, while water contain- 
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ing a large amount of halogen components is likely to cause 
a bond to a compact or to produce a harmful substance such 
as dioxin or the like during a sintering process. 

Further, some lubricants, though also depending on a 
5 kind thereof, facilitate the growing of microorganisms and 
thus the solution is easily decayed, thereby causing a 
change in components, emitting bad smell. However, adding 
an antiseptic agent can prevent the growing of microorgan- 
isms. For the antiseptic agent, it is preferable to use one 

10 which does not impair lubrication property, produces low 
harmful effects to a human body, and includes no halogen 
components, such as sodium benzoate or the like. 

Furthermore, some lubricants have a problem that 
foaming easily occurs, and thus when the aqueous solution 

15 (L) is applied to the molding portion (1A), such molding is 
likely to occur foaming so that a raw powder is caked. How- 
ever, by adding a water-soluble solvent such as alcohol or 
ketone, or a defoaming agent, such foaming can be prevented 
For alcohol or ketone, it is preferable to use one which 

20 does not impair the lubricating action, causes less damages 
to a human body, and does not include halogen components, 
such as ethanol, acetone or the like. 

In some cases, using a water soluble solvent such as 
alcohol and ketone with a lower boiling point or a lower 

25 latent heat of evaporation than water can reduce hours for 
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evaporation or dry, eliminating the need for keeping the 
mold body 2 at high temperature. 

In a case where these lubricants, additives or dis- 
solvent water include halogen elements, a substance that is 
5 highly toxic even in minute amounts such as dioxin is 
likely to be created under such a condition that sintering 
is performed with carbon components being coexistent, as is 
often used in powder metallurgy of iron. Therefore it is 
preferable to include no halogen elements therein. 

10 As for the temperature of the mold body 2 and the 

mixed raw powder M, keeping them at high temperature is de- 
sirable because it contributes to reduction of hours for 
drying, accompanied by effects of warm molding and the like 
If there is caused no particular trouble, however, it can 

15 be kept at ordinary temperature. On the other hand, when 
setting them at high temperature, it is preferable to 
choose such a lubricant that is not melt down at a preset 
temperature, since the melt lubricant makes it difficult to 
stably perform warm molding due to the melt lubricant cak- 

20 ing a raw powder, flowing down to the bottom of the mold 
(the molding portion 1A) . If there is caused no particular 
trouble, however, it may be in a semi-molten state, in a 
highly viscous state, or otherwise, at least one lubricant 
of the mixed two ore more lubricants may be in a molten 

25 state. Since zinc stearate and lithium stearate that have 
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been conventionally used have melting temperatures of about 
120°C and about 220°C, respectively, it has heretofore been 
difficult to stably perform warm molding at a temperature 
higher than these temperatures. Among the lubricants pro- 
5 posed in the present invention, however, there are a number 
of lubricants that have a higher melting point than 220 °C, 
and some of them have a higher melting point than 1000°C . 
Therefore it is possible to easily and stably perform warm 
molding by raising the temperature almost to an oxidization 

10 temperature of the raw powder or heat resistance of mold 
(molding portion A) . In that case, however, there occur 
problems such as fluidity of the raw powder, and thus it is 
preferable to use the lubricant that does not melt even un- 
der high temperature, as the one to be added into the mixed 

15 raw powder M. For example, the powdery lubricants of the 
present invention or solid lubricants such as graphite or 
molybdenum disulfide which can be used a high temperature 
of at least 200°C are preferable. Alternatively, it is also 
preferable to mold only by lubrication of the mold itself 

20 without using the lubricant into raw powder. 

According to the description of the foregoing embodi- 
ment, there is provided a method for forming a powder mold- 
ing product, comprising a filling the molding portion 1A in 
the mold body 2 with the raw powder M, and then inserting 

25 upper and lower punches 3, 4 into the molding portion 1A to 
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thereby form the powder molding product, wherein prior to 
filling the molding portion 1A with the raw powder M, the 
aqueous solution L in which lubricant is dissolved in a 
solvent is applied to the molding portion 1A to a uniform 
5 phase, and then the aqueous solution L is evaporated to 
thereby form a crystallized layer B on the molding portion 
1A. Thus, the fine and uniform layer B for lubrication is 
formed on the peripheral surface of the molding portion 1A, 
thereby enabling the reducing of a pressure required for 

10 ejecting the powder molding product A from the molding por- 
tion 1A as well as the improving of the density of the pow- 
der molding product A. 

Also, there is provided a mold apparatus for powder 
molding, comprising the mold body 2 with the through-hole 1 

15 for molding a side of the powder molding product A, the 
lower punch 3 to be fitted into the through-hole 1 from be- 
neath, the upper punch 4 to be fitted into the through-hole 
1 from above, the spray member 6 from which the lubricant 
aqueous solution L is faced into the through-hole 1, the 

20 heater 7 provided around the molding portion 1A of the pow- 
der molding product A, the molding portion 1A being defined 
by the through-hole 1 and lower punch 3 which is fitted 
into the through-hole 1, and the temperature control system 
9 keeping a temperature of the heater 7 higher than an 

25 evaporating temperature of the aqueous solution L, if re- 
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quired but lower than a melting temperature of said lubri- 
cant. And prior to filling the molding portion 1A with the 
raw powder M, the lubricant aqueous solution L is applied 
to the molding portion 1A which is heated, and then the 
5 aqueous solution L is evaporated to thereby form the fine 
and uniform crystallized layer B on the peripheral surface 
of the molding portion 1A. Thus, the fine and uniform crys- 
tallized layer B for lubrication is formed on the periph- 
eral surface of the molding portion 1A, thereby enabling 
10 the reducing of a prooure p ressure required for ejecting the 
powder molding product A from the molding portion 1A as 
well as the improving of the density of the powder molding 
product A, and realizing the stable and successive molding. 



15 Example 2 

Fig.5-Fig.8 represent example 2. in which the same 
reference symbols as Example 1 will be designated by the 
same symbols, and their repeated detailed description will 
be omitted. A surface 10 of the through-hole 1 is formed 

20 with a surface treatment layer 11 by hydrophilicity impart- 
ing treatment to the surface 10 for improving the wetting 
action of the aqueous solution L relative to the surface 10, 
or by arranging hydrophilic material thereon. An angle X of 
contact of the surface treatment layer 11 relative to the 

25 aqueous solution L is smaller than an angle Y of contact of 
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the surface 10, which is made from the material of the die 
2 itself, or of the upper surface 2A where the material is 
exposed, relative to the aqueous solution L (X<Y) , thus 
enabling the said wetting action to be improved. Further, 
5 it should be noted herein that these angles of contact X, Y 
are not measured under such condition as shown in figure 
which are only schematically illustrated for the sake of 
explanation, but are measured under an equal condition, 
such as keeping the surface 10 and the upper surface 2A 

10 horizontally. And the surface treatment layer 11 is formed 
by: the thermal spraying, PVD, CVD or shot peening of oxide, 
fluoride, nitride, chloride, sulfide, bromide, iodide, car- 
bide, hydroxide and etc. having bonds as shown in Table 4 
to hydrophilic coating, subjecting the coating of titania, 

15 zinc oxides or the like to photocatalyt ic reaction by irra- 
diating light thereto, creating hydroxide by alkali or 
hydrothermal treatment, the surface treatment by sputtering 
with potassium ions or sodium ions, and utilizing change in 
surface tension of the aqueous solution L by the formation 

20 of minute pores on the surface by spray coating or powder 
metallurgy die, whereby the surface treatment layer thus 
obtained allows the angle of contact of the solution rela- 
tive to the surface 10 of the through-hole 1 to be made 
smaller, thereby improving the wetting action of the solu- 

25 tion therein. Alternatively, the surface 10 of the through- 
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hole 1 may undergo the removal of oily organisms through 
acid or flame processing, electrolytic polishing etc so 
that the angle of contact X may become small. If there 
causes no problem in strength, the die may preferably be 
5 formed from hydrophilic materials shown in Table 4 . Alter- 
natively, metals such as iron or hard metal may have the 
substances shown in Table 1 dispersed therein to improve 
strength and hardness. Alloying with easily oxidizable met- 
als such as Ti, V, Si, and Al, etc. to use as the material 

10 of the die is also effective to improve hydrophilic prop- 
erty. In the case of coating, the coating of iron or hard 
metal together with hydrophilic materials in order to im- 
prove strength and hardness is desirable since such coating 
can satisfy both the long-duration and hydrophilicity of 

15 the die . 
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And in the first process, due to the heat of the 
heater 7 being pre-controlled by the temperature control 
system 9, the temperature of the surface 10 of the through- 
hole 1 is kept higher than the evaporating temperature of 
5 the aqueous solution L, and lower than the melting tempera- 
ture of the lubricant beforehand. Then, the automatically 
openable and closable valve is opened to apply the aqueous 
solution L of the lubricant by spraying from the spray mem- 
ber 6 to the molding portion 1A of the die 2 heated by the 

10 heater 7, with the lower punch 3 being fitted into the 
through-hole 1 to define the molding portion 1A. At this 
moment, the angle X of contact of the aqueous solution L, 
which would be the angle Y of contact without the surface 
treatment layer 11, is allowed to be the smaller angle X of 

15 contact owing to the surface treatment layer 11, thus al- 
lowing the aqueous solution L to be prevented from being 
repelled, to thereby the aqueous solution L is applied to 
the entire surface of the though-hole 1 and wet the same. 
As a result, the aqueous solution L is evaporated and dried 

20 out, and thus crystals are allowed to grow entirely on the 
surface treatment layer 11 of the through-hole 1, so that a 
crystallized layer B serving as a lubricating layer of the 
lubricant is uniformly formed. 

Next, as illustrated in a second process shown in Fig. 

25 6, the feeder 5 is moved forward so as to drop a raw powder 
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M into the molding portion 1A to fill the same therewith. 
Subsequently, as illustrated in a third process shown in 
Fig. 7, the die 2 is moved downwardly, while the upper 
punch 4 is inserted into the molding portion 1A of the 
5 through-hole 1 from there above, so that the raw powder M 
is compressed in a manner that is sandwiched between the 
upper punch 4 and the lower punch 3. At this stage, a bot- 
tom end of the lower punch 3 is firmly held in position. In 
this third process, the raw powder M is compressed by being 

10 pressed against the crystallized layer B which is formed by 
lubricant in a lubricated condition. 

The powder molding product A thus press-molded be- 
comes ejectable when the die 2 is moved further downwardly 
until the upper surface of the die 2 becomes essentially as 

15 high as the upper surface of the lower punch 3, as illus- 
trated in a fourth process shown in Fig. 9. When ejecting 
the same, the powder molding product A is allowed to con- 
tact the crystallized layer £ — B which is formed by lubri- 
cant in a lubricated condition. After ejecting the powder 

20 molding product A thus way, the first process is repeated 
and thus the aqueous solution L is applied to the molding 
portion 1A again to form the crystallized layer LB, and 
then the raw powder M is filled into the molding portion 1A 
As is apparent from the foregoing, the surface 10 of 

25 the through-hole 1 is formed with the surface treatment 
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layer 11 so as to have the smaller angle X of contact with 
the aqueous solution L than the angle Y of contact of the 
die 2 with the aqueous solution L, in accordance with the 
foregoing experiment. Thus, when the aqueous solution L is 
5 applied, the wetting action of the aqueous solution L rela- 
tive to the fete - oa - gh — h - e - l - e s urface 10 is improved so that the 
aqueous solution L can be extended over the surface treat- 
ment layer 11, eventually over the entire surface of the 
through-hole. Consequently, the entire surface of through- 
10 hole 1 can be formed with the crystallized layer B by per- 
forming water evaporation. As a result, high-density powder 
molding product A can be stably obtained. 

Example 3 

15 Fig. 9 and Fig. 10 represent Example 3, in which the 

same reference symbols as those in Example 1 and Example 2 
will be designated by the same symbols, and their repeated 
detailed description will be omitted. According to the Ex- 
ample 2, the upper surface 2A of the die 2 on which feed 5 

20 is slidably provided is formed with a surface treatment 
layer 21 by water repellency imparting treatment to the 
surface 2A for improving its liquid repelling ability (i.e., 
reducing the wetting action of the aqueous solution L) 
relative to the surface 2A, or by arranging water repellent 

25 material thereon. An angle Y' of contact of the surface 
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treatment layer 21 relative to the aqueous solution L is 
larger than an angle X' of contact of the surface made from 
the material of the die 2 itself, or in Example 3 the sur- 
face 10 of the through-hole 1, relative to the aqueous so- 
5 lution L ( Y'>X'), thus enabling the said wetting action to 
be reduced. The above surface treatment layer 21 may be 
formed from silicone- or fluorine-based resin such as those 
including Si— H bond, or C— H bond, etc., or from nonpolar 
substances, as shown in Table 5. 
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According to Example 3, therefore, the automatic open 
able and closable valve is opened so that the aqueous solu- 
tion L of the lubricant is sprayed from the spray member 6 
and applied to the molding portion 1A of the die 2 that is 
5 heated by the heater 7. At this moment, part of the aqueous 
solution L is likely to be attached to the upper surface 2A 
of the die 2. Nevertheless, the aforementioned angle Y' of 
contact of the aqueous solution L with the upper surface 2A 
on which the surface treatment layer 21 is provided, be- 

10 comes larger than the angle X' of direct contact thereof 
with the die 2, whereby the aqueous solution L is allowed 
to be repelled, thus preventing the aqueous solution L to 
collect on the surface 2A. 

As is apparent from the foregoing, since the upper 

15 surface 2A is formed with the surface treatment layer 21 so 
as to have the larger angle Y ' of contact with the aqueous 
solution L than the angle X' of contact of the die 2 itself 
with the aqueous solution L, whereby the water repellent 
property on the upper surface 2A can be improved, making 

20 the aqueous solution L less likely to pile up or collect on 
the upper surface 2A (the surface treatment layer 21), thus 
preventing the aqueous solution L from collecting on the 
upper surface 2A (surface treatment layer 21), which in 
turn makes the raw powder M housed in the feeder 5 less 



38 



likely to be contacted by the aqueous solution L, thereby 
enabling the raw powder M to be prevented from caking. 
Example 4 

Fig. 9 and Fig. 10 represent Example 4, in which the 
5 same reference symbols as those in Examples 1-3 will be 
designated by the same symbols, and their repeated detailed 
description will be omitted. 

According to example 4, above the through-hole 1 is pro- 
vided the spray member 6 serving as applying means for 

10 spraying the aqueous solution L so as to attach the aqueous 
solution L to the molding portion 1A. The spray member 6 is 
arranged so as to face the through-hole 1. The aqueous so- 
lution L contains components which improve the wetting ac- 
tion relative to the surface 10 of the through-hole 1. The 

15 wetting action improving components are ones that can make 
the angle X" of contact of the aqueous solution L with the 
surface 10 smaller, for example, surfactant is used. 

Thus, the automatically open able and closable valve 
is opened to apply the aqueous solution L of the lubricant 

20 by spraying from the spray member 6 to the molding portion 
1A of the die 2 heated by the heater 7, with the lower 
punch 3 being fitted into the through-hole 1 to define the 
molding portion 1A. At this moment, the angle X" of contact 
of the aqueous solution L, which would become large without 

25 the wetting action improving components, is allowed to be 
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small enough owing to the components, thus allowing the 
aqueous solution L to be prevented from being repelled, to 
thereby be applied to the entire surface 10 of the though- 
hole 1 and wet the same. As a result, the aqueous solution 
5 L is evaporated and dried out, and thus crystals are al- 
lowed to grow entirely around the surface of the through- 
hole 1, so that a crystallized layer B of the lubricant is 
uniformly formed. 

As is apparent from the foregoing, since the aqueous 

10 solution L contains components which improve the wetting 
action in order to decrease the angle X" of contact with 
the surface 10, the wetting action of the aqueous solution 
L in the through-hole 1 is improved when the aqueous solu- 
tion L is applied, thus allowing the aqueous solution L to 

15 be extended over the entire surface of the though-hole 1, 
so that the aqueous solution L is evaporated to thereby al- 
low the crystallized layer B to grow entirely, thus ena- 
bling the high-density powder molding product to be stably 
obtained . 

20 Further, hereinafter examples and comparative exam- 

ples will now be explained with reference to Table 6. In 
each of the examples and comparative examples shown in Ta- 
ble 6, iron powders (average particle diameter: 90 im) were 
used as the raw powder, and 7 g of the mixture of the raw 

25 powder was filled into a mold forming a cylindrical column 
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having a 1 cm-- 2 — pres surization area, and then powder mold- 
ing products were formed at a molding pressure of 8 t/cm— 2 . 
And in the preferred examples, 1% solution of dipotassium 
hydrogen phosphate as water-soluble lubricant was applied 
5 to the molding portion of the die coated with hydrophilic 
material and heated to 250 °C , and then it was evaporated 
and dried out to form the crystallized layer, and then the 
raw powders were filled into this molding portion. In the 
comparative example 1, after the lubricant was applied to 

10 the molding portion of an ordinary die heated to 250 °C, it 
was dried and then the raw powder was filled into this 
molding portion. In the comparative example 2, after the 
lubricant was applied to the molding portion of an ordinary 
die heated to 150 °C , it was dried and then the raw powder 

15 was filled into the molding portion. The comparative exam- 
ple 3 is a case in which an ordinary die was heated to 
150 °C, and then the raw powder was filled into the molding 
portion without the application of lubricant. In either ex- 
ample, SKH-51 as typically employed for tool steel was used 

20 for the molding portion of such ordinary die. 
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Comparison result from Table 6 indicates that molding 
was found impossible if it was performed at 250 °C using 
dies without the hydrophilic coating, due to the lubricant 
being nut fully attached to the molding portion. According 
5 to the Examples 1-6 where molding was performed, using dies 
with the hydrophilic coating, molding was found possible at 
temperature higher than 150°C, and it was found that high- 
density molding product denser than those formed at 150 °C 
can be obtained. 

10 

Induotriol Applicability 
Further, the present invention is not limited to the 
forgoing embodiment but may be variously modified within 
the scope of the invention. In the foregoing embodiment, 

15 said aqueous solution is applied to the molding portion and 
then evaporated the aqueous solution to form the crystal- 
lized layer on the molding portion prior to filling the raw 
powder, and then the punches fitted into the molding por- 
tion to thereby forming the powder molding product, however, 

20 it is not always necessary to form the crystallized layer 
on the molding portion by applying the solution thereto and 
then evaporating the same, prior to filling the raw powder. 
For example, after forming a first powder molding product, 
a second powder molding product may be formed by filling a 

25 second raw powder, utilizing the crystallized layer formed 
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when the first powder molding product is formed, without 
applying the aqueous solution to the molding portion, and 
then the aqueous solution may be applied to the molding 
portion prior to filling a third raw powder, and then the 
aqueous solution is evaporated, to thereby form a second 
crystallized layer on the molding portion. The aqueous so- 
lution may be applied to the molding portion in such an in- 
termittent continuance. 
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